The two treatment groups showed no significant difference in signalment, clinical presentation and imaging findings. However, significant differences were detected in outcome. Clinical significance: Hemilaminectomy with partial discectomy for decompression of thoracolumbar intervertebral disc protrusion was associated with decreased postoperative neurological deterioration and increased sustained clinical improvement compared to hemilaminectomy with anulectomy.
Introduction
Degenerative intervertebral disc disease is the most common pathological condition affecting the canine thoracolumbar vertebral column (1) . Two types of degenerative intervertebral disc disease have historically been recognized. Type I intervertebral disc disease, or intervertebral disc extrusion, is seen most commonly in chondrodystrophic dog breeds and involves the acute herniation of degenerate and calcified nucleus pulposus material through all layers of the ruptured anulus fibrosus into the vertebral canal (1) (2) (3) . Type II intervertebral disc disease, or intervertebral disc protrusion, typically affects non-chondrodystrophic large breed dogs and the pathological abnormalities are predominantly seen in the anulus fibrosus. The weakened, hypertrophied anulus fibrosus protrudes into the vertebral canal, leading to chronic progressive spinal cord compression (2) (3) (4) . Various surgical techniques have been reported in the management of thoracolumbar intervertebral disc protrusion, including hemilaminectomy with anulectomy, dorsal laminectomy and partial lateral corpectomy (5) (6) (7) (8) (9) (10) . These techniques are often technically demanding and complicated by the fact that affected dogs may present with multiple sites of spinal cord compression (1, 9) .
Historically, the surgeons at our institution have performed a hemilaminectomy with anulectomy (HA) to treat thoracolumbar intervertebral disc protrusion, in which the dorsal, protruding anulus fibrosus is excised. However, this technique provides limited access to the ventral part of the vertebral canal and often necessitates manipulation of the spinal cord to enable excision of the protruding portion of the anulus fibrosus. To overcome these limitations the standard anulectomy technique has been modified in more recent years by combining a hemilaminectomy with a partial discectomy (HPD). This modification allows inspection of the vertebral canal before making a lateral approach to the affected intervertebral disc space and subsequent removal of the dorsolateral anulus fibrosus and associated vertebral endplates using a pneumatic drill or surgical aspirator. However, it is currently unknown if this modified surgical approach is associated with improved postoperative outcome. Therefore the aims of the current study were to compare the clinical outcome of dogs undergoing a HA or a HPD for treatment of thoracolumbar intervertebral disc protrusion. It was hypothesized that HPD would be associated with improved postoperative outcomes compared to HA. All surgeries were performed by a board-certified neurologist (8 surgeons in total). The HA surgery entailed performing a hemilaminectomy using a standard dorsolateral approach (13, 14) after which the protruding part of the dorsal anulus fibrosus was excised with a beaver blade or number 11 scalpel blade ( Figure 1A Statistical analysis -Data analysis was performed using a standard statistical software package d .
Materials and methods

Digital
Data were assessed for normal distribution using the Shapiro-Wilk test for normality. Differences between normally distributed continuous variables were explored with an independent samples t test with a Levine test for equality of variances. Differences between non-normally distributed continuous data were assessed with a Mann-Whitney U test. A Fisher exact test was used to compare categorical variables, with a Yates correction for continuity. Values of p < 0.05 were considered significant. Variables were considered for inclusion in binary logistic regression if P < 0.30. Normally distributed data are presented as mean ± SD, and non-normally distributed data as median and interquartile range (IQR).
Results
Dogs treated for thoracolumbar intervertebral disc protrusion by HA (n = 29) or HPD (n = 24) were included. Signalment, body weight and clinical data are summarized ( Table 1 were not undertaken prior to euthanasia. The mean survival time for all dogs was 574 ± 484 days (670 ±672 for dogs in which the cause of death was perceived neurological deterioratio n,
Comparison of presentation and outcome
The two treatment groups showed no significant difference in age, body weight, sex, duration of clinical signs prior to referral, presence of concurrent disease, outcome of treatment prior to referral, severity of neurological deficits, presence of thoracolumbar hyperesthesia, remaining spinal cord area, number of compressive intervertebral disc protrusions and presence of ISI changes (Table 1 The biomechanical consequences of the HA and HPD surgery on thoracolumbar vertebral column stability have not been evaluated. A previous study showed a significant increase in the range of motion of the thoracolumbar vertebral column following a partial lateral corpectomy, which was further exacerbated when combined with a hemilaminectomy (17) .
In contrast to the partial corpectomy technique, the HA and HPD surgeries both endeavor to leave the vertebral body intact and hence less instability may be anticipated with these techniques. However, the dorsolateral endplates and a larger portion of the intervertebral disc are excised with a HPD compared with a HA, potentially leading to greater instability. Ex vivo cadaveric studies to further evaluate the biomechanical consequences of HA and HPD would be worthwhile, alongside longer term follow up of clinical cases with repeat MRI to evaluate the in vivo effects of both surgical techniques.
Theoretically a partial discectomy could be performed in combination with a minihemilaminectomy, in which the articular processes are left intact and the intervertebral foramina is enlarged (10) . Alternatively a partial discectomy could be performed in isolation, without a prior hemilaminectomy, as has been reported for partial lateral corpectomy (6, 7).
Potential benefits to these options may include increased biomechanical stability of the affected region of the vertebral column following surgery, however intraoperative assessment of the degree of spinal cord decompression achieved would be limited. Studies to evaluate these surgical options are required. (6) . Considering the technical differences between the 2 techniques in the current study, this may be more likely following a HA where only the protruding part of the anulus fibrosus is removed, compared to a HPD where a larger portion of the affected intervertebral disc is removed. Thus, while the HPD surgery may be associated with improved long-term outcomes, future larger scale prospective studies are needed to assess the cause and prevalence of recurrent clinical signs and to ascertain their relationship to the surgical procedure undertaken.
In seven of the dogs undergoing HPD, an ultrasonic bone curette was used to excise the dorsolateral aspect of the disc and vertebral endplates. Described advantages of the ultrasonic bone curette include safe and effective bone removal with minimal heat production and mechanical injury, thus enhancing safety when working in narrow surgical corridors surrounded by important neurovascular structures (23, 24) . In the human medical literature ultrasonic bone curettes have been used in skull base surgery for several years (25) , and have been introduced into spinal surgery more recently (24) (25) (26) (27) (28) . There are limited reports of the use of an ultrasonic bone curette in the veterinary literature; one study described its use in microfenestration in dogs with thoracolumbar intervertebral disc extrusion (29) . Further studies are needed to evaluate the extent of spinal cord decompression achieved with an ultrasonic bone curette compared to a pneumatic drill, as well as the perioperative risks associated with its use.
The present study was limited by its retrospective nature, and the associated variability in clinical management, surgeon skills and preferences, and evaluation of objective clinical outcome measures. The small group sizes may have limited the power, and hence differences in studied parameters, such as the duration of clinical signs prior to referral, surgical time and survival time, may have reached statistical significance with a larger population size. An accepted neurological grading system was used to evaluate the severity of neurological deficits, however, the majority of dogs were ambulatory at presentation and so were assigned a similar neurological grade. This may have limited recognition of more subtle differences in the severity of the clinical signs.
Inherent in a retrospective study, dogs could not be randomized to treatment modality and the surgical technique used was based on the preference of the primary surgeon. Furthermore, in the earlier years of the reporting period all cases underwent HA, whereas in later years the HPD technique was introduced. Thus, technical improvements, changes in instrumentation (particularly the use of the ultrasonic bone curette) and the individual surgeon's learning curve may all have contributed to improved outcome in the HPD group. 
